Objective: To identify sociodemographic, clinical, and physician/practice factors associated with deep brain stimulation (DBS). DBS is a proven surgical therapy for Parkinson disease (PD), but is recommended only for patients with excellent health, results in significant out-of-pocket costs, and requires substantial physician involvement.
Parkinson disease (PD) is a progressive neurodegenerative disease affecting more than 2 million Americans. Levodopa and dopamine receptor agonists are the mainstays of motor symptom treatment. 1 However, disease progression is associated with "motor fluctuations," temporal shortening of medication response and drug-related involuntary movements. Deep brain stimulation (DBS) is an important treatment option for those with PD who have nonresponsive motor fluctuations or debilitating tremor. Several randomized controlled trials (RCTs) have demonstrated that DBS provides sustained improvement in motor symptoms, activities of daily living, and quality of life. [2] [3] [4] [5] PD is a disease of aging and of the aged; however, elderly patients with PD are not well represented in DBS clinical trials, and DBS use in the elderly has not been studied. 6, 7 RCT-based guidelines recommend excluding those who have evidence of dementia/cognitive impairment-highly prevalent diagnoses in the Medicare PD population. 8 DBS requires extensive preoperative testing and frequent outpatient programming visits; DBS treatment costs are not completely covered by Medicare (X. Wang, A.W. Willis, unpublished, 2013) . These factors may limit true DBS accessibility for low-income patients or in medically disadvantaged areas.
To address this knowledge gap, we performed a DBS utilization study on almost 690,000 Medicare beneficiaries with PD. We hypothesized that DBS use would be independently influenced by demographic characteristics and whether a diagnosis of dementia/cognitive impairment had been made. We investigated the association of DBS with neighborhood socioeconomic status (SES) and provider characteristics. This study provides real-world data on treatment allocation in the largest US PD population and may identify patient-and system-level barriers to clinically appropriate PD care.
METHODS Standard protocol approvals, registrations, and patient consents. This study was approved by the Human Studies Committee at Washington University School of Medicine.
Study population. The study cohort and all variables were derived from 2007 to 2009 outpatient, carrier (physician and institutional), and BASF (Beneficiary Annual Summary File) Medicare research-identifiable files. 9 These files contain individuallevel demographic (date of birth, race, sex), residential (county, zip code), clinical (ICD-9 and CPT [Current Procedural Terminology] codes), and provider (medical specialty, unique provider number) data. The study population consisted of all Medicare beneficiaries with a PD diagnosis. 10 Patients diagnosed with "secondary parkinsonism" (332.1) or "other degenerative diseases of the basal ganglia" (333 or 333.0) were excluded because these diagnoses are a contraindication to DBS.
Patient characteristics. Standard Medicare codes identified race/ethnicity (white, black, Asian, Hispanic, Native American, other, unknown) and sex. Age was determined using the date of birth. DBS recipients were identified by all CPT codes accepted by Medicare for DBS: neurosurgical therapy (61855, 61862-5, 61867-8, 61885-6, 61880, 61888), intraoperative localization of DBS site (95961-2), pulse generator analysis 6 reprogramming (95970, 95972-3, 95978-9), and DBS equipment (E0752, E0754, E0756, E0757, E0758). New DBS treatment patients were defined as those with procedural codes indicating new deep brain electrodes implantation (61855, 61862-3, 61865, 61867) by a neurosurgeon. Patients with claims only containing procedural codes for analysis 6 reprogramming were considered preexisting DBS cases.
BASFs contain patient-level data on 21 common comorbid diseases contained in the Centers for Medicare & Medicaid Services Chronic Condition Warehouse. 11 Chronic Condition Warehouse indicators for diabetes, congestive heart failure, chronic obstructive pulmonary disease, acute myocardial infarction, atrial fibrillation, chronic kidney disease, hip fracture, ischemic heart disease, malignancy (breast, colorectal, lung, or endometrial), stroke/TIA, and dementia were used to compare the comorbidity burden in PD-DBS patients with the general PD population and to create an age-weighted modified Charlson comorbidity index that would be used as a covariate in regression analyses. 12 Neighborhood SES. We assigned an SES index score to the beneficiary mailing zip code at the time of the first PD or PD-DBS claim. Zip codes are small geographical areas designed to facilitate mail delivery. Zip Code Tract Areas (ZCTAs) are permanent, US Census Bureau-derived geographical units designed to allow zip code-census data linkage. A ZCTA was assigned to each zip code using Dartmouth Atlas ZTCA-zip code linkage datasets. 13 The resulting zip code-level census data were used to calculate a neighborhood SES index score using income, housing value, poverty, education, and unemployment 14 variables.
Provider and PD patient population characteristics. We used carrier files to identify physician specialty and outpatient encounters with physicians specializing in neurology, internal medicine, and family practice. We excluded outpatient visits with other specialists (such as pulmonologists, surgeons, and cardiologists) because we assumed that these had a low relative likelihood of providing the primary management for progressive PD or driving DBS therapy. The unique NPI (national provider identification) number was used to aggregate the following data on Medicare beneficiaries with PD: % white, % minority (5 % black 1 Asian 1 Hispanic), % 65-74, and % 751, creating a physician-specific patient population profile. These were transformed into 2 clinic population variables: "minority serving" (5 % minority) and "elderly serving" (5 % .74 years), which were categorized into tertiles based on the distribution at the physician level.
Analytical methods. Utilization of DBS (yes/no) was the outcome variable. We compared demographic characteristics, comorbid disease burden, and neighborhood SES score between patients with PD who received DBS (hereto after referred to as PD 1 DBS) and those who did not. Categorical variables were analyzed using the x 2 test, and continuous variables using a t test or analysis of variance, where appropriate.
Multivariable logistic regression models examined differences in DBS utilization according to demographic variables and SES score. Primary models examined patient age, race, sex, and quartiles of SES score separately. Subsequent models adjusted for 1) combined demographic characteristics (race, age, and sex), 2) modified Charlson comorbidity score, and 3) neighborhood SES score. Standard methods were used to produce odds ratios (ORs). All analyses were 2-sided, with p , 0.05 set as the threshold for statistical significance and are reported with 95% confidence intervals (CIs) where appropriate. Statistical analyses were performed using PASW version 21 (IBM Corp., Armonk, NY).
We estimated the likelihood of future DBS associated with PD physician specialty by fitting logistic regression models with new DBS electrode implantation (from 2007 to 2009) as the dependent variable. Our primary models examined new DBS according to physician specialty (neurology vs family practice, neurology vs internal medicine) and across levels of provider characteristics: minority-serving clinic (,33.3% minority PD vs .66.6% minority PD) and elderly-serving clinic (,33.3% older than 74 years vs .66.6% older than 74 years). Additional models were stratified by race/ethnicity to examine the impact of provider characteristics on racial disparities in DBS. All models were adjusted for race, age, sex, Charlson comorbidity index score, and SES score.
We performed several analyses to test the robustness of our primary findings. Our first sensitivity analyses included an indicator for dementia/cognitive impairment. Dementia is a common manifestation of advanced PD, and should limit DBS. The use of DBS in the cognitively impaired may indicate reasonable extension of this treatment to a population that was not well represented in RCTs, or may highlight clinically appropriate underuse of DBS in select demographic groups. Our second sensitivity analyses examined the potential impact of neurologist access. Neurologists are often involved in DBS treatment; however, neurologist distribution varies geographically, calling into question whether geographical access to care can affect utilization. 15 To examine this, county-level estimates of neurologist availability were produced by dividing the number of neurologists (calculated from state board registry and Medicare physician data) by the number of elderly Medicare beneficiaries to equal the number of neurologists per beneficiary, similar to the calculation used to identify Health Care Physician Shortage Areas. 16 This variable was included to adjust for geographical neurologist shortages. Finally, our data include individuals who had stimulators placed before Medicare eligibility (at age 65 years); therefore, we repeated all analyses restricting analysis to those with new electrode placement.
RESULTS Patient characteristics. We identified 665,765 beneficiaries with a PD diagnosis between 2007 and 2009; approximately 1% (n 5 8,420) of these elderly patients with PD had been treated with DBS. Of these DBS patients, 32.6% (n 5 2,752) had a craniotomy with DBS electrode placement. The majority of DBS recipients were white (94.9%, n 5 7,993) and male (59.3%, n 5 4,996). Although the Hispanic population was nearly equally represented between PD 1 DBS (2.2%) and non-DBS (1.7%), the black and Asian Demographic predictors of DBS. Race and sex were independent predictors of DBS, and these associations were robust to adjustment for the effects of comorbidity, SES, and neurologist availability (table 3) .
Black persons had a substantially lower odds of having DBS compared with white persons (adjusted OR [AOR] 0.20, 95% CI 0.16-0.25). Asians were also less likely to have DBS (AOR 0.55, 95% CI 0.44-0.70). There was no difference in DBS use between Hispanic and white populations after adjusting for confounders. Women were less likely than men to receive DBS (AOR 0.79, 95% CI 0.75-0.83).
Adjustment for neurologist availability did not alter the direction or magnitude of our primary findings. Twenty-eight percent (n 5 770) of new DBS procedures were performed on patients aged 75 years and older; the remaining were distributed between those aged 65-69 years (37.5%, n 5 1,033) and 70-74 years (34.5%, n 5 949). Sex and race disparities in new DBS therapy were nearly identical, similar to the overall differences in care shown in table 3; female (AOR 0.71, 95% CI 0.66-0.77), black (AOR 0.18, 95% CI 0.12-0.27), and Asian (AOR 0.70, 95% CI 0.50-0.99) patients with PD had lower odds of new stimulator placement.
SES and DBS. DBS therapy was more frequently provided to Medicare beneficiaries whose zip code placed them in the top quartile of the SES index, indicating a neighborhood with the highest median income, Minority-rich PD practices were less likely than low-minority practices to produce future DBS recipients (AOR 0.76, 95% CI 0.66-0.87). This practicelevel disparity transcended individual race in that white patients treated in a minority-rich practice had a lower odds of DBS (OR 0.85, 95% CI 0.74-0.98; AOR 0.93, 95% CI 0.80-1.07) when treated in a minority practice, whereas minority patients had further reductions in their odds of DBS. The additional disparity was modest for black patients, but considerable for Asian and Hispanic patients, as shown in table 5. The odds of DBS for these groups approached that of black patients when they were treated in clinic populations mostly comprising fellow minority patients with PD (Asian AOR: 0.29, 95% CI 0.15-0.55; Hispanic: AOR 0.22, 95% CI 0.07-0.74).
DISCUSSION Achieving best practices for PD treatment has become the most important immediate goal since etiologic studies have failed to target a primary preventive measure for PD, and no proven neuroprotective agents are available. The efficacy of DBS is proven, yet this nationwide study of Medicare beneficiaries reveals substantial disparities in DBS use. Asian, black, and female patients with PD are less likely to be treated with DBS than white and male patients. Moreover, elderly beneficiaries with PD living in neighborhoods with lower socioeconomic indicators are less likely to receive DBS, regardless of race or sex. Physician/practice characteristics independently predict DBS, suggesting access barriers despite universal insurance coverage provided by Medicare. The lower utilization of DBS in black and Asian populations and in women may reflect, in part, a clinically appropriate difference in the need for or usefulness of DBS in those groups. Women and African Americans have the highest prevalence of cognitive impairment/dementia among elderly Medicare beneficiaries with a diagnosis of PD, 8 although it is not yet known whether this reflects a different phenotype of PD, concomitant Alzheimer dementia (which predominates among women and African Americans), or dementia due to vascular or metabolic disease. Nonetheless, cognitive impairment is a stated (but apparently not absolute) contraindication to DBS, and reduced use would be expected in groups with high dementia incidence. Black patients with PD have also been found to have more postural instability on initial presentation, 17 a motor symptom which may not respond well to DBS, and may be viewed as a relative contraindication to DBS. 18 Future prospective studies of these groups are needed to understand how differences in clinical phenotype contribute to patterns of care.
Women and some minorities may also have slower clinical progression, a theory that is indirectly supported by epidemiologic data. The lower risk of PD that has been consistently observed among people of African and Asian descent has been attributed to increased baseline neuromelanin and increased resilience to age-related neurodegeneration. 19 Women are also less likely to develop PD (a benefit moderated by early menopause), 20, 21 and demonstrate via PET higher dopamine transporter binding in the nigrostriatal system than men. 22, 23 If indicative of bioprotective mechanisms, these groups may experience slower PD motor progression and have reduced need for DBS. Prospective PD cohort studies of women and minorities may identify phenotypic differences that could explain these treatment differences.
We found a robust relationship between DBS use and SES that survived several approaches to reduce confounding by demographic characteristics, health status, and provider access. Socioeconomic gradients in the utilization of complex medical therapies have been demonstrated internationally, across various health systems, and for multiple diseases. [24] [25] [26] Lower SES is associated with differences in lifelong health behaviors (diet, physical activity, smoking, alcohol consumption) that can affect comorbid disease severity and functional status at any age. 27 The socioeconomic differences in DBS use could reflect surgery prohibitive differences in baseline health status. However, elderly Medicare recipients often face competing demands for their fixed incomes, including out-ofpocket Medicare costs. DBS outpatient and provider costs average $2,200 (2007 dollars) per year, 41% more than non-DBS PD care. DBS out-of-pocket costs would consume 7.2% of median income in the lowest socioeconomic quartile, perhaps limiting the willingness of lower-income seniors to consider DBS. Medical resources and health care quality also vary by SES and limit DBS availability in low SES areas. Therefore, reducing or even eliminating out-of-pocket costs for DBS may not eliminate the socioeconomic disparities we observed. We found that patients with PD of all races treated by physicians with the highest concentrations of minority patients had at least a 15% lower likelihood of DBS receipt compared with those treated by providers caring for a small percentage of minority patients. This suggests that race disparities in DBS are not solely a result of physician discrimination or minority patient refusal to undergo surgery when offered, although these, plus other social phenomena (physician stereotypes, patient distrust, and poor patient-physician communication) may contribute. Rather, minority patients with PD tend to receive care from providers who are unlikely to perform or refer any of their Medicare beneficiaries with PD for DBS. This may indicate that the multidisciplinary care required for PD is not truly accessible to physicians serving minority-predominant populations. Alternatively, our data may be seen as evidence of the complex interaction among race, SES, and health care access/utilization. While these relationships present research design challenges, because of these interrelations, policy measures that address DBS access and PD care quality for elders with PD who are socioeconomically disadvantaged will benefit other vulnerable groups as well.
Despite our population size and statistically robust findings, there are limitations to our study design. Administrative data have recognized limitations related to coding accuracy and completeness of data. 28 Our data do not reflect those who were offered DBS and refused or those who were evaluated but did not qualify for DBS. We also did not know the indication for DBS (motor fluctuations, debilitating tremor) or anatomical target. These may have altered our baseline characteristics. DBS for PD was approved less than 10 years before these study data for primarily those younger than 70 years. This introduces a cohort effect that may influence any age-related conclusions drawn from these data. However, demographic disparities were similar between new and existing DBS treatment groups. Zip code/ZCTA-level socioeconomic data were used as a proxy for individual income and education; this may have introduced measurement error. The need for DBS may vary geographically if environmental risk factors influence motor progression or clinical phenotype. Provider information in Medicare data is limited to physician specialty and practice location. We made no a priori assumptions about the relationship between provider type or practice characteristics and DBS use, or which provider or practice characteristics are most important in PD care. Therefore, we did not adjust our primary models for physician-level clustering. This may result in underestimation of our standard errors. Our analyses included only elderly Medicare beneficiaries and Table 5 Impact may not be generalizable to younger or non-Medicare patients with PD. This national study of the elderly Medicare PD population demonstrates that demographic, socioeconomic, and physician/practice factors contribute to disparities in DBS utilization. We identified several sociodemographic groups that could be targeted to improve access to this important PD therapy: older Americans, minorities, women, and the poor. Future studies will investigate clinical progression and phenotype in minorities and women and will use detailed data on physician/practice characteristics and local medical resource availability/ quality to determine how system-level differences in care contribute to disparities in individual DBS use. Understanding how neurologic care is currently delivered is essential to the development of evidence-based best practices that optimize patient outcomes and minimize societal and health care costs.
